Introduction
use it routinely during aortic surgery. 4, 5 However, mannitol infusion failed to show any consistent protective Renal function deterioration is responsible for mor-effect when cross-clamping time lasts longer than bidity and mortality in patients undergoing surgical 60 min. 6 repair of the abdominal aorta and renal arteries. Renal Many authors employ kidney hypothermia to prodysfunction is usually the result of cross-clamping tect renal tissue from ischaemia. 7, 8 However, results ischaemia or ischaemia-reperfusion injury. Prolonged are not always reproducible and cooling of the tissue renal clamping ischaemia may become necessary dur-is difficult to reach when kidneys remain in situ. ing repair of complex renal artery occlusive disease
In previous animal experimental studies we showed (RAOD) or RAOD associated with an abdominal aortic that it is possible to increase the total time of clamping aneurysm (AAA) and in pararenal or thoraco-ischaemia by temporarily re-establishing blood flow abdominal aortic aneurysms.
into the renal artery for 3 min, after 30 min-intervals Cross-clamping of the renal artery is tolerated with-of occlusion.
9,10 Short-term arterial blood reperfusion out complications for about 30 min in physiological (STABR) can be safely repeated twice, leading to a total normothermic condition. Warm clamping ischaemia ischaemic period of 90 min. This method is particularly longer than 50-60 min was significantly correlated to useful to avoid irreversible lesions of cortical renal postoperative acute renal failure.
1-3 The protective tissue, the region most vulnerable to the ischaemic effect of mannitol in preventing ischaemic renal dam-insult because of higher O 2 requirement (9 ml of O 2 / age has been previously studied, and many surgeons 100 g/min compared to 0.4 ml of O 2 /100 g/min of the medulla). In a preliminary report we showed that the method is suitable for clinical application, it is safe and * Preliminary data were presented at the 24th World Congress of able to protect renal tissue from prolonged clamping the International Society for Cardiovascular Surgery, September 12-16, 1999, Melbourne, Australia. ischaemia.
11 Therefore, we adopted this technique † Please address all correspondence to: G. P. Deriu, Chief, Division routinely when renal cross-clamping ischaemia ex- released for 3 min, while the operator keeps the aortic breach closed with two fingers.
Patients and methods
Between January 1987 and May 1999, 48 consecutive patients underwent kidney STABR. The control group was a series of 50 consecutive patients operated on in the same time period. Control patients underwent included in the study group and the lesion (requiring longer than 30 min) was considered unilateral when cross-clamping ischaemia was shorter than 30 min on one side and longer than 30 min on the other during spectively analyse the results of kidney STABR in bilateral renal artery repair. All data were compiled preventing renal injury and function deterioration.
on a spreadsheet (Excel, Microsoft Corp., Redmond, Washington, U.S.A.). Patients undergoing repair of a thoracoabdominal aortic aneurysm were excluded from the study.
Materials and Methods
Before surgery, all patients underwent serum creatinine (Cr) evaluation and digital subtraction angioKidney perfusion technique graphy. Radioisotope renography using technecium 99 was selectively employed. An angiographic renal arKidney STABR is routinely used when clamping ischaemia exceeds 30 min. The reperfusion is achieved tery stenosis >75% was considered haemodynamically significant. When renovascular hypertension was susby re-establishing pulsatile normothermic blood flow either through the repaired renal artery or, in the pected, patients underwent captopril renography and renal venous renin assay to document the functional majority of operative procedures, through the PruittInahara shunt (500-50-9F. Ideas for Medicine TM , Cryo-significance of a renal artery stenosis.
Preoperative renal insufficiency (RI) was defined for Life⊂ Comp, St. Petersburg, FL, U.S.A.). Application of the shunt may change in different surgical pro-creatinine values above 1.5 mg/dl. Single functioning kidney was defined as (1) surgically or congenital cedures. In the suprarenal abdominal aorta reconstruction ( Fig. 1) , the proximal aortic anastomosis is absent kidney; (2) no visible nephrogram on contrast angiogram, and (3) less than 10% of total renal function first completed. Renal artery (RA) is then reimplanted, with or without eversion endarterectomy, or directly in a kidney as assessed by technicium 99 . 12 Indications for surgery included renal artery occlusive disease bypassed. When the procedure requires longer than 30 min, the proximal end of the shunt is distally in-(RAOD) responsible for renovascular hypertension and/or excretory renal insufficiency (ischaemic nephserted into one branch of the bifurcated graft. The proximal aortic clamp is released; the shunt is blood ropathy), significant RAOD adjunctive to an aortic reconstruction, para-or suprarenal AAA not involving perfused, and its distal end inserted into the open end of the transected renal artery. After 3 min of blood the superior mesenteric artery and renal artery aneurysm. The operative approach was the standard reperfusion, the aorta and the renal artery are reclamped, the shunt is promptly removed and the renal transperitoneal, infracolic aortic exposure. All patients were given 50 mg of heparin and 250 cc as units of artery reconstruction completed. The reperfusion is repeated every 30 min if necessary. mannitol (18%) before clamping ischaemia. Blood pressure and serum creatinine levels were evaluated on a In transverse renal artery endarterectomy with patch closure, the STABR is achieved without any shunt daily basis until discharge and at day 30 after surgery.
Radioisotope renography using technecium 99 was perdevice. Following the one-or two-sided renal RA endarterectomy, patch closure is started. If required formed when renal artery occlusion was suspected after surgery. A higher risk for acute renal failure (>30 min ischaemia), the aortic clamp is temporarily (HRRF) was investigated in patients undergoing a endarterectomies, five RA eversion endarterectomies and reimplantations and three reimplantations of norbilateral STABR (>30 min of bilateral kidney ischaemia) and a double STABR on one side (>60 min of unilateral mal renal arteries onto suprarenal aortic grafts. Thirteen patients (27%) underwent a bilateral STABR and kidney ischaemia). Acute renal failure may have a detrimental outcome in patients with single func-12 (25%) a double STABR on one side.
The median clamping ischaemia time was 52 min tioning kidney (SFK). HRRF was also examined in SFK patients.
(range, 45-100 min) in the study group and 24 min (range, 14-28) in the control group. One patient died in the study group (2%). The Interpretation and statistics patient suffered a preoperative renal insufficiency (Cr=2.6 mg/dl) and juxtarenal AA aneurysm assoRenal function was considered improved when pre-ciated with RA stenosis. After a RA eversion endoperative creatinine levels decreased Ζ−20%, de-arterectomy, the RA was reimplanted on a suprarenal clined when creatinine levels increased [20%, and aortic graft. The patient developed an immediate poststabilised when creatinine changes remained within operative thrombus with acute renal failure, underthe 20% deviation of preoperative levels.
12 The pro-went dialysis and died 45 days after surgery. cedure was considered successful when renal function Preoperative creatinine levels increased at day 1 and was stabilised or improved. According to changes in then decreased at day 7 after surgery. Beginning from renal function, patients were classified into improved, different baseline creatinine levels, the creatinine trend stabilised or declined and the Fisher Exact test was was similar in the study and the control group (Fig.  used to analyse the behaviour of the study and control 2). group, as well as the HRRF patients, within the study In patients undergoing bilateral kidney STABR, the group. median ischaemic time was 50 min (range: 45-80) on A p-value less than 0.05 was considered to indicate one side and 60 (range: 45-90) on the other, whereas a statistically significant difference. The statistical ana-in patients undergoing a double STABR on the same lysis was performed using the SPSS software (SPSS side the median ischaemic time was 77 min (range: Inc., Chicago, IL, U.S.A.).
70-100). There was no statistical difference in HHRF patients. After the seventh postoperative day, creatinine levels remained unchanged up to the first Results outpatient follow-up, at day 30 after surgery. The short-term reperfusion did not cause any deterioration Demographic characteristics and risk factors (Table 1) in the intraoperative and postoperative systemic blood were similar in the study and control group, except pressure (data not shown). for renal insufficiency (Cr>1.5 mg/dl).
Renal artery and abdominal aorta lesions requiring kidney cross-clamping ischaemia are shown in Table  2 . Vascular lesions were similar in both groups, though Discussion isolated RAOD appeared more frequently in the study group (p<0.01).
Postoperative renal dysfunction represents a major cause of morbidity and mortality in aortorenal reIn the study group we performed 30 aortorenal bypasses alone or in association with infra-or supra-constructive surgery, and it is usually secondary to ischaemia-induced acute tubular necrosis. 17 After suprenal aortic grafts, seven transverse RA endarterectomies and vein patch, three transaortic RA rarenal cross-clamping there is a consistent kidney haemodynamic response with decreased renal per-utilising the Bio-Medicus pump. The multiple catheter ''octopus'' arrangement can provide the continuous fusion and glomerular filtration rate, as well as increased renal vascular resistance, also exacerbated by blood perfusion to the renal arteries, while intercostal and visceral artery reconstruction proceeds. Good alterations in the renin-angiotensin system. It is believed that ischaemia-reperfusion injury plays a central results have been reported with this technique, but at least one study demonstrated a detrimental effect of pathogenetic role in patients with acute tubular necrosis. 18 To protect renal tissue from prolonged cross-renal function using multiple selective visceral not physiologically pulsating perfusion catheters. 19 clamping ischaemia, an intra-operative procedure can be applied. In thoracoabdominal aneurysms a conIn the past, we adopted kidney STARB using the Pruitt-Inahara shunt, also in thoracoabdominal antinuous active blood perfusion from the left atrium into the distal aorta and visceral arteries is now possible, eurysm repair. 11 We are currently comparing this Eur J Vasc Endovasc Surg Vol 21, April 2001 method with the continuous blood perfusion of renal be applied during any step of the surgical procedure, proving to be useful also in unpredictable critical arteries using the BioMedicus-pump (Medtronic, Inc., surgical situations. Minneapolis, MN, U.S.A.) and multiple catheter ''octopus'' arrangement in thoracoabdominal aneurysm. However, the use of continuous blood perfusion with an atrium-distal pump it is not feasible in the man
